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Figure 1. Pam McKinlay and Jesse-James Pickery, He puira hirahira (A Special Chromosome), 2017, 
muehlenbeckia, muka, three gauges of monofilament, plaster mask.



71Junctures 18, December 2017

Pam McKinlay and Jesse-James Pickery 
with Julia Horsfield

 The GENE-ration Game

Since 1869 when Johann Frierich Miescher first 
discovered nucleic acid (which he called “nuclein”) 
the study of genetics, and more recently, genomics, 
has been at the forefront of medical research.  We got 
our first glimpse into what the structure of DNA might 
look like in the silhouettes of X-ray crystallography by 
Rosalind Franklin and others in the Wilkins lab and the 
pencil sketch of the double helix by Francis Crick of 
1953. But what was the chemical code, as Schrödinger 
called it, and how was it sequenced? This was the 
question posed to the Human Genome Project (HGP), 
“completed” in 2000, when researchers announced 
they had successfully “decoded” the human genome, 
at the time described as “a race to the start”.1

HE TAONGA IRANGA TUKU IHO - A RICH GENETIC HERITAGE

In one of the great science classics of the twentieth century, What is Life? (1943), Erwin Schrödinger 
envisioned a “chromosome fiber” embedded with a secret complex chemical code, “the entire pattern 
of the individual’s future development and of its functioning in the mature state” that stored our 
hereditary potential, nga taonga tuku iho.

DNA is a programmed series of chemicals, with the capacity to self-replicate. All cells of an organism 
contain the same genetic material, the regulation of which catalyzes the development of an individual 
from a single cell, through its embryonic journey onwards to adulthood whereby it can then collapse 
itself from a multicellular organism into a single cell once more at the moment of sexual reproduction.3 
This cycle carries a species through time. 

Every complete set of chromosomes contains the full code … The chromosome structures are at the 
same time instrumental in bringing about the development they foreshadow. They are law-code and 
executive power —or, to use another simile, they are architect’s plan and builder’s craft —in one.4  

Schrödinger

Figure 2. “DNA” From: Francis Crick Papers, 
Wellcome Library. 2 
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PAINT BY NUMBERS – DNA: THE BIG PICTURE

Molecular biologists unravel chromosome structure to identify and record the location of genes 
within the nuclear landscape. By mapping the distances between genes on a chromosome, the role 
of non-protein coding genes (such as enhancers and regulators) on gene expression also becomes 
clearer.5  These relationships, explored in cohesin research, map where proximities of sequences 
in TAD diagrams and “heat maps” are found.6

These interactions can also be explored in other cluster diagrams. Software used in sequence and 
genomic analysis, such as CIRCOS, map cluster contact points to determine the key regulating 
elements. These look like stylized spider webs inside a tube.7 Two-dimensional diagrams can be 
derived from these, and from the two-dimensional can be further extrapolated three-dimensional 
visualizations of the structure of the compacted chromosome.

The iconic image of DNA as a rigid twisted ladder is reimagined as one of dynamic looping strands in 
supercoiled form.8 How to pack almost 2 meters of this stuff into each and every cell nucleus is the 
incomprehensible “DNA packaging problem” — there are up to 50 trillion cells in a body, each with 
1.8 m of DNA in each cell. 9 The length is coiled by wrapping around proteins called histones which 
act like molecular spools.10 The histone “spools” solve the packaging problem, but present a new 
problem – one of accessibility. 11  If the functional units of DNA (genes) are coiled tightly, then they 
can’t be read.12  Enzyme “switches” in the genes turn the spooling “on” and “off“, thereby “relaxing” 
the DNA to make certain sections accessible, while other sections remain coiled and hidden. 

HOMAGE TO WATSON and CRICK14

Siddhartha Mukherjee, in The Gene (2017), 
writes that the three most profound ideas 
which ”ricocheted throughout the twentieth 
century were the atom, the byte and the 
gene” — the atom, as the smallest particle 
or basic unit of matter, the byte as the 
smallest unit of digitized information and 
the gene — the “bit” of heredity or biological 
information.15

The vast amount of data we have gathered 
has been sourced from our own genetic 
material. However, we are limited by 
our methods of inquiry; the parameters 
established by molecular biology necessitate 
fragmentation of the chromosome — so we 
can process and make intelligible the gross 
quanta inherent to the DNA. The very way we 
observe DNA requires that we kill the cell. If 
we can gather this much information from a 
corpse, imagine what we can gather from a 
living, unperturbed observation.

Figure 3. Drawing from sketchbook during conversation with 
Julia Horsfield. In the diagram, the sequence of square ‘genes’ 
represented is, from left: “off”, enhancer or “on switch”, “off.”The 
two “off’s” should be held at the juncture of the loop by the cohesin 
so that the on and enhancer can talk to each other. If the offs 
are misaligned within the loop, then the gene and the enhancer 
can’t talk to each other. It is thought that cohesin is a complex 
that controls the stability of the loop – by maintaining the correct 
length of the loop and therefore access to the "on" and "off" genes, 
thereby having a significant effect on gene expression. 13
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We feel clearly that we are only now beginning to acquire reliable material for welding together the 
sum total of all that is known into a whole; but, on the other hand, it has become next to impossible 
for a single mind fully to command more than a small specialized portion of it. 

Schrödinger

We have learned most recently from the HGP that most of the genome does not “code” (only about 
2% does). Most is dedicated to the proteinaceous architecture and the regulators that determine the 
position of the active genes. The dynamic structure is constantly folding and moving in a complex of 
cellular choreography, where timing in space is everything within the cell cytoskeleton.16

It is these chromosomes, or probably only an axial skeleton fibre of what we actually see under 
the microscope as the chromosome. 17

Schrödinger

The cytoskeleton … structures give the cell its shape and help organize the cell’s parts. In addition, 
they provide a basis for movement and cell division. 18

At the nano-level, quantitative image analysis uses CYTOSIM, a computer simulation to study 
cellular architecture from a mechanistic perspective.19 "Bio-mechanical or bioinformation transfer 
is thought to be facilitated by the self-organising structures which form a unique cellular geometry 
of microtubules within the cell and associated proteins."20 These cells contain a specific distribution 
of filaments that enable them to change their shape, to move and to divide. Microtubule patterns 
of geometry can be observed using enhanced dark-field light microscopy in conjunction with 
hyperspectral imaging to observe nanomaterials such as kinesin in cells.21 These filaments and 
the associated proteins form the cytoskeleton, and are to the cell what bones and muscles are to 
the body.22

Cellular structures are established and maintained through a dynamic interplay between assembly 
and regulatory processes. Self-organization of molecular components provides a variety of possible 
spatial structures: the regulatory machinery chooses the most appropriate to express a given 
cellular function.23

A static image exploring the story of the 3-D structure was created in the second of the art works 
made in response to discussions with Julia Horsfield.

Contrary to what I had believed, the process of experimental science does not consist in explaining 
the unknown by the known, as in certain mathematical proofs. It aims, on the contrary, to give an 
account of what is observed by the properties of what is imagined.

François Jacob, The Statue Within24

We imagined an unfolding chromosome, the unravelling of DNA, bound into a rigid shape, at the 
moment of stasis — some sections closed in the twist of the double helix and sections with free-
roaming loops being thrown out in space and time during transcription.25 Our chromosome would 
in the wild be one of many restless strands, layered with the marks of the past, which had crossed 
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thousands of years, carrying the code from the ancestors we can name and beyond to the very 
beginning of before-time, the void, Te Ao-marama, Te Po, Te Kore. He pūmanawa o nga ira tangata, 
people live and die but their gifts transcend time. 

Scientists regularly use computer modelling to create visualisations of the shape and structure of 
the packaged DNA molecule. These can be animated as revolving GIFs — for example, the wikipedia 
revolving GIF of human telomeric G-quadruplex26. Our puira hirahira was a “static image”, made 
as a physical model and then filmed to simulate a computer-generated GIF as a kind of narrative 
space device. Since the time of the Renaissance, narrative space in art has provided a platform for 
continuous narrative in which several events can be shown in a single setting. However, the story 
need not be a story in the traditional sense, nor a linear narrative — a narrative space may be a 
space which is used to convey or explore different themes and meanings, such as a time-scape in a 
three-dimensional landscape. If, as Kant says, time and space are two of the fundamental categories 
that structure human experience, then narrative is how we communicate the story or sense of that 
experience. It is a way of organising our experiences and making meaning. Is there actually such 
a thing as a non-narrative space?27 The static image encapsulated a combination of phases in the 
chromatin story — from the microscopic to the sub-atomic view of the cellular stage; cohesin bindings; 
interstices and flashing between them — the fleeting web of cellular communication, the transfer 
of energy at the speed of light and at the centre an enigmatic signal processor — pungao o te ira.

Figure 4. Pam McKinlay and Jesse-James Pickery, He puira hirahira (A Special Chromosome).
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Figure 6. (detail).

Figure 5. (detail).
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Figure 7. Shadow drawn on wall, cast by 
the 3-D object /chromosome.

Figure 8. Pam McKinlay and Jesse-James Pickery, He puira hirahira (A Special Chromosome), 2017, 
muehlenbeckia, muka, three gauges of monofilament, plaster mask.
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Figure 9 and 10. Pam McKinlay and Jesse-James Pickery, He puira hirahira (A Special Chromosome), 2017, 
muehlenbeckia, muka, three gauges of monofilament, plaster mask.

Figure 11. (detail).
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Muehlenbeckia provided the scaffolding which enabled use of the inherent twisting nature of the 
vine/wood. This was exaggerated with extra shaping using an improvised steam box and editing, 
splicing and binding to create the final form of the armature. Bindings with muka were structural and 
also represented the junctures of loop enclosure (cohesin) in the chromosome. When front-lit, the 
sculpture cast a strong shadow of curving lines, suggestive of the two-dimensional models created 
by researchers to explain (draw) the structure of the folding within a chromosome.

Fine monofilament was used to create the web along which a network of information can be seen 
as flitting light; this was an artistic response to the microtubules constantly in communication with 
seemingly disparate locales throughout the chromosome on which they are located and a nod to 
Planck (see below). The mask at the centre — a mould of one of the artist’s faces, — conjured the 
idea of a kind of signal processor. The sculpture was exhibited so the interior of the mould was 
shown facing the exhibition space to make use of the trompe-l’œil effect of the negative (mould) 
appearing positive.28 What is in front, what is the right side, what is outside, what is the inside? 
What is on our inside? What does our DNA mould make us to be? He taonga iranga tuku iho — a 
rich genetic heritage. 

THE WEB IS NOT THE NET / PUNGAO O TE IRA – THE ENERGY OF THE 
GENES

In the light of present knowledge, the mechanism of heredity is closely related to, nay, founded on, 
the very basis of quantum theory. (16) …  A body on the large scale changes its energy continuously 
... a small system can by its very nature possess only certain discrete amounts of energy, called 
its peculiar energy levels. The transition from one state to another is a rather mysterious event, 
which is usually called a quantum Jump. (17) … If the molecule is an extended structure, you 
may conceive these vibrations as high-frequency sound waves, crossing the molecule without 
doing it any harm (18) ...29

Schrödinger

As living entities, we are complex biochemical reactors imbedded in the fields described by classical 
and quantum physics. In biophysics, the organizing principle for the “flow” of information that can 
regulate biological functions at cellular levels was once called a “biofield”, but can perhaps be 
more usefully thought of as bio-information systems, interactions within which "can influence a 
variety of biological pathways, including biochemical, neurological and cellular processes related 
to electromagnetism." Correlated information transfer and perhaps other means for modulating 
activity across levels of biology occur in length-scales from macro to micro biology.30 (These systems 
are so complex that they have been the driver of new areas of mathematics such as complexity 
mathematics).

During the project, we were asked why we had made the web of monofilament tracery. Pam replied 
“because the molecule demanded it”. Of course, this was no answer at all and yet in hindsight it 
was perhaps the only answer if we are to believe that the very basis of the workings of DNA lies in 
quantum theory and that “Planck’s attitude even vindicates priority for it.”
Life is dependent on the maintenance of order. How is this possible in the warm, messy cellular 
environment? And in the case of DNA, how is such order maintained without loss of information? 
Schrödinger suggests that order in the cell is maintained by creating disorder around it – “drinking 
orderliness” from the surrounding environment. 
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creatures we were once
creatures we will become again
names writ small 
revealed in the Hilbert-like filing system
web interconnections in non-linear ways 
sister chromatid – be my guide
shadows of ourselves thrown in relief upon the wall 
start, stop, do/make something, stop
Copy.
Creation.
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